We present here recent results on the investigations of the mass spectrum ( S-states and P-states), decay constants, decay widths and life time of the D, D s ,and B c mesons within the framework of phenomenological potential models.We also present the binding energy and the masses of the di-meson molecular systems with one or more charm meson combinations. 
Introduction
The study of spectroscopy and the decay properties of the heavy flavour mesonic states provides us useful information about the dynamics of quarks and gluons at the hadronic scale. The remarkable progress at the experimental side, with various high energy machines such as LHC, B-factories, Tevatron, AR-GUS collaborations, CLEO etc for the study of hadrons has opened up new challenges in the theoretical understanding of heavy flavour hadrons. In order to understand the structure of the newly observed zoo of open flavour meson resonances 1, 2, 3, 4) in the energy range of 2-5 GeV , it is necessary to analyze their spectroscopic properties and decay modes based on theoretical models. Many of these states could be the excited charmed mesonic states while for many other states the possibility of multi-quark or molecular like structures are being proposed. Thus, the main objective of the present talk includes the study of spectroscopy and the decay properties of the open flavour charm mesons. We study these open charm states as the excited states of the conventional quark-antiquark systems within the frame work of a potential model 5, 6) .
We also study, following the molecular interpretation of some of the recently observed meson states, the binding energy and the ground state masses of di-hadronic molecules 7, 8) . For the binding energy of the di-hadronic state, we consider a large r (r → ∞) limit of the confined gluon propagator employed in our earlier study on N-N integrations. 9)
Theoretical methodology: A Potential Scheme
For the light-heavy flavour bound system of qQ or qQ we treat the heavy-quark (Q=c, b) non-relativistically and the light-quark (q = u, d, s) relativistically within the mesonic system. The Hamiltonian for the case be written as 6)
Where M is the heavy quark mass, m is the light quark mass, p is the relative momentum of each quark, V(r) is the confined part of the quark-antiquark potential, V SQ·Sq (r) and V L·S (r) are the spin-spin and spin orbital part of the interaction. Here we consider
where α c = 4 3 α s , α s being the strong running coupling constant, A and ν are the potential parameters. For computing the hyperfine and spin-orbit splitting, we consider the spin dependent part of the usual OGEP given by 10)
We employ the harmonic oscillator wave function and use the virial theorem, to get the energy expression from the hamiltonian defined by Eqn. Table 1 alongwith the experimental and other theoretical results.
The decay constants and Lifetime of the open charm mesons
The decay constant of the mesons is an important parameter in the determination of the leptonic, non-leptonic weak decay processes. It is related to the wave function at the origin through Van-Royen-Weisskoff formula. Incorporating a first order QCD correction factor, we compute them using the relation 11)
where M P is the ground state mass of the pseudoscalar states.
In the spectator approximation 6, 12) the inclusive widths of b and c quarks decay are given by
and width of the annihilation channel is computed using the expression given by 6, 12) Table 2 along with other model predictions and experimental values.
Di-hadrons as molecular states
The low-lying di-hadronic molecular system consisting of di-meson tetra quark states are treated here by assuming non-relativistic. Hamiltonian given by Expt. 3) , Ebert 13) , Penin 17) , Heister 18) where M = m h1 + m h2 , m h1 and m h2 are masses of the hadrons, µ is the reduced mass, P is the relative momentum of the two hadrons and V (R 12 ) is the residual (molecular) interaction potential between the two hadrons given by the asymptotic expression (r → ∞) of the confined one gluon exchange interaction (COGEP) given by 9)
where k mol is the residual strength of the strong interaction coupling and C is the effective colour screening parameter of the confined gluons. Using a trial wave function given by
By minimizing the expectation value of H, the ground state molecule energy is obtained as Here, we have added the spin-hyperfine contribution separately. The binding energy of the di-mesons as BE = |m h1 + m h2 − E| and the parameters k mol = 0.45. and c=1.25 GeV are employed to compute the binding energy (BE) at the charmed sector. The computed masses and binding energies of the di-meson systems are tabulated in Table 3 . The exotic states such as X(3872), D SJ (2317, 2460, 2632, 2700 and 2860), ψ(4040) etc are identified as the low lying di-mesonic molecular states at the charm sector as shown in Table 3 . Though there exist many attempts, the zoo of open flavour mesonic states continues to pose challenges to both experimental analysis and theoretical predictions.
